Study Design-Randomized, controlled trial.
A prerequisite of a valid sham for NDT is to provide adequate blinding of participants to the type of intervention they are receiving. 48, 49, 98 To our knowledge, a sham-controlled trial of NDT has not previously been performed; however, prior studies of manual therapy have included sham interventions such as light touch, 52 light massage, 49 subtherapeutic ultrasound, 24 and detuned laser. 73 A limitation of these studies is the failure to assess whether participants were adequately blinded to which intervention they received 24, 73 or whether participant expectation of benefit for the comparison groups were similar. 24, 49, 52, 73 The results of shamcontrolled studies could be confounded by a significant number of participants receiving the sham intervention, believing they were not receiving an active intervention. Additionally, participants receiving a sham intervention may believe they received an active intervention. However, the sham may provoke lower expectations for treatment effectiveness than the studied intervention. For example, while detuned ultrasound or light touch may be believable as active interventions, they may produce lower expectations among participants for their ability to lessen musculoskeletal pain than a comparative manual therapy intervention. Consequently, both the sham intervention and the studied manual therapy technique may be believable as active interventions, but produce different expectations for their ability to help the individual. These points are reinforced by the observations of placebo-controlled studies unrelated to manual therapy, in which outcomes were not dependent on the intervention received but, rather, on the intervention the participant thought he or she received. 2, 65 Furthermore, studies have observed expectation as influential in the outcomes associated with manual therapy. 7, 57 Consequently, a valid sham intervention should blind participants to the intervention group to which they are assigned and should provide similar expectations for treatment success as the studied intervention.
In addition to believability, a negligible treatment effect is suggested as a prerequisite for a sham intervention for manual therapy. 48, 49, 98 As the literature suggests a powerful effect of placebo on pain, 75, 96, 97 sham interventions with negligible treatment effects may be inappropriate for manual therapy studies. The current placebo literature suggests, "The focus has shifted from the 'inert' content of the placebo agent (eg, starch capsules) to the concept of a simulation of an active therapy within a psychosocial context." 76 Consequently, a believable sham intervention for manual therapy is likely to produce some positive treatment effect.
A valid sham for NDT could provide important clues to the mechanisms through which these techniques produce clinical outcomes. Both biomechanical 22, 36 and neurophysiological effects 20, 69, 71 are associated with manual therapy and are potentially pertinent to NDT. A biomechanical mechanism of NDT is plausible, as adhesions and edema accompany CTS 27, 28, 33, 70 and may be responsible for the subsequent signs and symptoms. Furthermore, individuals with CTS may present with limited mobility of the median nerve. 26, 53 Both in vivo and in vitro studies have demonstrated movement and stress localized to the median nerve with the performance of specific NDT. 21, 22 Consequently, NDT may be of benefit to individuals experiencing CTS due to biomechanical mechanism such as restoration of mobility to the median nerve 13 or the mobilization of edema. 12 A neurophysiological mechanism of NDT is also possible, as manual therapy has been theorized to directly mediate neuroplastic changes associated with pain. 10 Neuroplastic changes are changes in neurons within the central nervous system in response to stimulation and are suggestive of an adaptive rather than fixed nervous system. Specific to CTS, prior studies have observed altered central processing of pain 31, 94, 95, 104 associated with CTS suggestive of neuroplastic changes resulting from prolonged irritation of the median nerve. For example, Fernandez-de-las-Penas et al 31 observed generalized decreased threshold to pressure pain in individuals with CTS as compared to healthy controls, suggesting a centrally mediated response to pain. Consequently, NDT may be effective in the treatment of CTS by inducing neuroplastic changes. Support for this theory is provided by immediate hypoalgesia associated with other forms of manual therapy. 34, 38, 91, 102 A validated sham control for NDT would allow insight into whether treatment effects are dependent upon a specific stress across the median nerve for individuals with CTS or more general effects of treatment. Additionally, a validated sham could provide a means to test the magnitude of the placebo effect of NDT through a comparison of the outcomes associated with the sham to those associated with NDT and natural history.
This randomized trial of NDT in the treatment of participants with CTS had 3 primary purposes. First, we tested the believability of a novel sham for NDT in study participants. We have reported on a potential sham technique in healthy participants exposed to experimental pain 5 and wished to study the same technique in a clinical sample. We hypothesized that participants in our study would have similar beliefs for which intervention they received and similar expectations for treatment success, regardless of treatment group assignment.
Second, we studied immediate changes in clinical pain intensity and experimental pain sensitivity as an indirect measurement of a potential mechanism of NDT. Immediate hypoalgesia to clinical pain and increases in mechanical pain threshold have been associated with other forms of manual therapy 18, 91, 99, 100 and suggests a neurophysiological mechanism of action. Additionally, we have previously observed hypoalgesia of temporal summation associated with spinal manipulation in healthy participant, 38 in those experiencing low back pain, 8 and associated with NDT 5 in healthy participants. Temporal summation is a behavioral measure of central sensitization, characterized by the perception of increasing pain intensity to repetitive heat pulses of unchanging temperature provided at a frequency of less than 3 seconds. Temporal summation has not previously been assessed in individuals with CTS to our knowledge; however, individuals with musculoskeletal pain conditions such as fibromyalgia 77, 88 and temporomandibular joint dysfunction 78, 84 demonstrate greater magnitude of temporal summation than healthy controls. Additionally, temporal summation has been observed to significantly contribute to pain-related disability in individuals with chronic low back pain. 39 Consequently, temporal summation appears to be a valid measure of pain sensitivity in other musculoskeletal pain conditions worthy of assessment in individuals with CTS. Temporal summation is a proximal measure of dorsal horn excitability, 23, 42, 45, 67 and inhibition of temporal summation from NDT could represent a mechanism of action for pain relief. We hypothesized that participants receiving NDT would experience greater immediate within-session inhibition of clinical pain, temporal summation, thermal pain threshold, and pressure pain threshold in comparison to those receiving a sham technique. Confirmation of this hypothesis would suggest that NDT elicits a neurophysiological response beyond that of a sham related to hypoalgesia and, in the case of temporal summation, specific to inhibition of dorsal horn excitability.
Our third purpose was to compare outcomes related to pain intensity, upper extremity disability, and neurological status in participants with CTS randomly assigned to receive an NDT specific to the median nerve 14, 21, 22, 103 and a sham technique intended to lessen the biomechanical stresses to the median nerve. We hypothesized that participants receiving the NDT would demonstrate greater improvements in measures of clinical pain and disability than those receiving the sham intervention. Additionally, concern has been raised that a direct stretch across a nerve, as implied by some methods of NDT, has the potential for detrimental effects. 21, 22, 40, 87 Consequently, we monitored neurological status in participants and hypothesized that worsening of neurological status would not be observed in either treatment group.
Methods

Participants
The study was approved by the Institutional Review Board of the University of Florida. Participants were recruited from the clinics of orthopaedic surgeons at the University of Florida and from the general public through posted flyers and electronic distribution. Participants were included if they were between the ages of 18 and 70 years and had signs and symptoms consistent with CTS, as defined by pain or paresthesia in the median nerve distribution and/or clinical examination findings consistent with CTS. Additionally, participants were required to have CTS symptoms present for greater than 12 weeks and a rating of their CTS pain intensity or symptom intensity of at least 4/10 on a numeric rating scale (range of 0 to 10, with 0 indicating no pain at all and 10 indicating the worst pain imaginable over the past 24 hours). Individuals were excluded from participation for the following reasons: non-English speaking, prior surgery for CTS, prior treatment with the studied NDT, pregnancy, diagnosed with a systemic disease known to cause peripheral neuropathy, current or history of chronic pain conditions, or CTS as the result of an upper extremity fracture.
Measures
Demographic and Clinical Characteristics-A demographic questionnaire was used to gather information related to age, sex, ethnicity, racial group, employment status, marital status, education level, household income, hand dominance, CTS-affected side, whether CTS was work related, and duration of CTS (weeks). In cases of bilateral CTS, participants were further asked to identify the more symptomatic side or to indicate that both sides were equally symptomatic.
Patient Expectation-Individual expectation for outcome was assessed using the PatientCentered Outcome Questionnaire (PCOQ). 80 The PCOQ is a 5-item questionnaire that uses individual 101-point numeric rating scales (NRSs) to quantify the usual, desired, and expected levels of pain, fatigue, emotional distress, and interference with daily activities associated with a pain condition. Additionally, the PCOQ uses the same NRS to quantify the ratings of pain, fatigue, emotional distress, and interference with daily activities the participant would consider to be a successful treatment and the self-perceived importance of improvement in pain, fatigue, emotional distress, and interference with daily activities. Individual NRSs were anchored with 0 (none) and 100 (the worst imaginable). Participants were asked to answer these questions regarding their CTS-related symptoms. We used ratings for expected level of pain following treatment to quantify expectation for our data analyses.
Participants were asked at the 3-week follow-up visit to indicate whether they believed they had been assigned to receive the "direct" NDT or the "indirect" NDT.
Mechanisms of NDT
Within-Session Changes in Clinical Pain Intensity-Immediate decreases in clinical pain have been reported in prior studies of manual therapy, 18,91,101 and we wished to assess similar changes associated with NDT. Clinical pain intensity was assessed for immediate within-session changes using a 100-mm mechanical visual analog scale (MVAS), anchored with "no pain" and "the most intense pain sensation imaginable," to quantify current clinical pain. An MVAS is a white slide ruler covering a 100-mm red area. Participants were asked to pull the ruler to uncover the red area to correspond to their pain intensity. No pain was indicated by no red showing, while the most intense pain sensation imaginable was indicated by all the red showing. A 100-mm ruler on the back of the MVAS allowed quantification of pain rating by the distance (mm) of red area uncovered. The participant was blinded to the markings on the ruler while using the MVAS. The MVAS is commonly used in the assessment of pain and has demonstrated sound psychometric properties, including the characteristics of a ratio scale. 74 Within-session MVAS assessment of current clinical pain intensity was obtained prior to and immediately following the assigned intervention at the initial session and at 3 weeks.
Pressure Pain Assessment-An immediate increase in pain pressure threshold has been observed in prior studies of manual therapy, 29, 91, 101 and we wished to observe whether similar changes occurred in response to NDT. A pressure algometer (Pain Diagnostics & Thermography, Great Neck, NY) was used to determine mechanical pain. We wished to observe pain response to a standard painful stimulus. Accordingly, 2.3 kg of force was applied to all participants at a rate of 1 kg/s through a 1-cm 2 application tip at the thenar eminence, and the participants were asked to rate associated pain on a 100-mm MVAS.
Thermal Pain Assessment-Thermal pain sensitivity was assessed in 2 ways: for threshold and as a means to assess temporal summation. Prior studies of manual therapy have assessed pain response to thermal stimuli following manual therapy, 29,38,91,100 and we wished to observe for changes related to NDT. Participants underwent thermal pain assessment using a neurosensory analyzer (TSA-2001; Medoc, Ramat Yishai, Israel) with a handheld, peltier element-based stimulator. Thermal pain threshold was assessed with the stimulator applied to the thenar surface of the palm at a baseline temperature of 35.0°C, and increased at a rate of 0.5°C/s. Participants were instructed to verbally indicate "as soon as the sensation changed from warm to painful," and the stimulus was then immediately terminated manually by the examiner. Pain was then quantified using a 100-mm MVAS. Similar to our prior studies, threshold was assessed 2 times and the average calculated. 5, 8, 38 Temporal summation assessment used previously established protocols 77, 89 to observe pain perception to 10 heat pulses at 51°C, applied to the thenar surface of the palm of the hand with an interstimulus interval of 0.33 seconds. A 101-point NRS, anchored with "no pain" and "the most intense pain sensation imaginable," quantified the pain experienced with each heat pulse, and participants were instructed to rate their "second pain." Temporal summation was calculated by the average pain rating of the first 5 heat pulses for purposes of our data analyses. 77 
Clinical Outcomes
Clinical Ratings of Pain Intensity-Clinical pain intensity was assessed for betweensession changes from baseline to 3 weeks using an NRS from the PCOQ to quantify "usual pain." NRS are commonly used in the assessment of pain. While lacking the ratio properties of MVAS, 74 the NRS has demonstrated good reliability and validity 35, 54 and is a common measure of clinical pain intensity.
Disability of the Arm, Shoulder, and Hand Questionnaire (DASH)-The
Quick DASH is a self-report measure of upper extremity disability that contains 19 items, ranging from 1 ("no difficulty") to 5 ("unable"). The DASH contains 3 modules that are scored independently and include an 11-question general module, a 4-item work module, and a 4-item sports/performing arts module. The DASH is used in assessment of general upper extremity disorders, has sound reliability and validity, 3, 41, 43, 44, 56 and has similar responsiveness as the carpal tunnel-specific Boston Questionnaire. 41 We report only the 11-question general module of the Quick DASH, providing a range of 11 to 55 possible points, with lower values indicating less disability for descriptive statistics and in our analyses.
Neurological Status
Grip Strength-Grip strength is a common measure of motor performance in studies of CTS 37, 55 and was assessed at baseline and at 3 weeks using a Jamar hydraulic hand dynamometer. A significant decline in grip strength could indicate a deleterious effect of NDT. We chose to monitor grip strength as an indicator of motor performance rather than a clinical outcome measure. Participants were seated with their arm at their side, elbows flexed to 90°, and forearm in neutral, and were instructed to squeeze the dynamometer as hard as they could for 3 separate, consecutive trials. The average of the 3 trials was recorded in kilograms as grip strength.
Sensation-Semmes-Weinstein monofilament testing is a common measure of sensation in CTS 50, 63 and was assessed at baseline and at 3 weeks at the tip of the thumb, index finger, and middle finger. Participants closed their eyes and were instructed to verbally indicate when they felt the monofilament. Pressure was applied to the thumb, index finger, and middle finger to just bend the monofilament and each individual stimulus was applied up to 3 times. The monofilament at which the participant indicated sensation was recorded.
Electrodiagnostic Testing-Median nerve function was assessed through a nerve conduction study (NCS), composed of both motor and sensory testing of the median nerve using standard techniques. 9, 47, 61, 79 The NCS was performed at baseline and at 3 weeks on a subset of participants, based on their willingness to consent to this procedure and availability of testing equipment. NCS was performed by a medical doctor (K.R.V.) experienced in this assessment, using a TECASynergy N2 ultraportable 2-channel NCS system (VIASYS Healthcare, Inc, San Diego, CA). Distal onset latency (8 cm) and peak amplitude were measured at the abductor pollicis brevis muscle for the motor portion of the NCS. The sensory portion of the NCS was obtained through the combined sensory index (CSI), a standard test for evaluating CTS. 61, 79 In brief, the CSI measures the sensory nerve action potentials peak latency and amplitude from the median, ulnar, and radial nerves as they cross the wrist. The differences measured between the nerves are combined into an overall score with a value greater than 1 indicative of slowing of median nerve conduction through the carpal tunnel. Further details of the CSI can be found elsewhere. 61, 79 
Procedures
Interested individuals were informed that they would be randomly assigned to receive either an NDT that "directly stresses the median nerve through shoulder, elbow, and wrist movements" or that "indirectly stresses the median nerve through shoulder, elbow, and wrist movements." Individuals agreeing to participate signed an informed consent form approved by the University of Florida Institutional Review Board and then completed an intake demographic form, the PCOQ, and the DASH. As appropriate, certain participants underwent an NCS. Next, a standardized physical examination was performed on all participants, which included grip strength and sensation assessment. After the examination, all participants were provided with splints for their involved hands. Finally, all participants underwent baseline pressure and thermal pain testing. Participants were then randomly assigned to receive either NDT or a sham intervention. A licensed physical therapist (J.E.B.) performed all baseline assessments (with the exception of the NCS, which was performed by K.R.V.) and all postrandomization assessments until the final session at 3 weeks.
Randomization
Randomization was computer generated, with group assignment maintained in sealed, sequentially numbered, opaque envelopes. The envelopes were opened in sequential order based on entry in the study and after all baseline measures were completed for the participant.
Intervention
Similar to prior studies of the effectiveness of NDT in the treatment of CTS, 1, 72, 81 all participants in the current study received splints for their involved wrist(s) (Wristoform; Orthorehab, Inc, Tempe, AZ). Standard splint instructions were used for all participants and included directions to sleep with the splints and to use them during daytime activities that worsened their CTS complaints. After splint instruction, participants were randomly assigned to 1 of 2 intervention groups (FIGURE 1). Group 1 received a specific NDT intended to provide anatomical stress across the median nerve, including contralateral cervical sidebending, shoulder depression, shoulder abduction and external rotation to 90°, full elbow extension, and forearm supination. 21, 22 Group 2 received a sham technique that minimized anatomical stress across the median nerve and included neutral cervical spine position (ie, no sidebending), no shoulder depression, shoulder abduction and external rotation to 45°, 45° of elbow extension, and forearm pronation. This sham technique was used in healthy subjects and demonstrated good potential for use in clinical trials. 5 Repeated passive wrist and finger flexion and extension through the available range of motion following appropriate positioning of the cervical spine and upper extremity were used for each intervention. Each repetition was performed for a period of 6 seconds from full wrist and finger flexion to full wrist and finger extension and back to standardize the dosage. The participants received 5 sets of 10 cycles for the first 3 sessions and 7 sets of 10 cycles for sessions 4 through 6. The assigned intervention was applied bilaterally to all participants, regardless of whether their CTS complaints were bilateral. A licensed physical therapist applied the intervention at each session.
Immediately following group assignment, participants were positioned for their assigned intervention (NDT or sham) and received 2 repetitions of passive wrist and finger flexion and extension range of motion. Participants were then asked to complete the expectation portion of the PCOQ for a second time. We chose 2 repetitions of wrist and finger flexion and extension range of motion to provide exposure to the intervention at a dosage not expected to cause a treatment effect, but sufficient enough to provide experience with the treatment technique prior to the assessment of expectation.
Next, participants completed a MVAS of current CTS pain intensity. Participants underwent the first session of their assigned intervention, followed immediately by a within-session follow-up MVAS of current CTS pain. Pressure and thermal pain assessment were again performed to observe for an immediate within-session treatment effect. Participants were followed over the next 3 weeks for application of the randomly assigned intervention. Subsequent sessions included only the application of the assigned intervention. Total number of sessions for the study was preset at 6 in a pattern of 2 times per week for 3 weeks; however, not all participants were able to attend all 6 sessions. Approximately 3 weeks following randomization, participants were seen for a final visit, consisting of assessment of which intervention the participant believed they had received (NDT versus sham), follow-up questionnaires, follow-up NCS (if appropriate), physical examination, preintervention and postintervention pressure and thermal pain testing, and measurement of clinical pain intensity. Assessment at the 3-week follow-up session was performed by an examiner blinded to group assignment.
Data Analysis
We analyzed data from the involved extremity for participants reporting unilateral CTS and the extremity indicated as "more symptomatic" for participants with bilateral CTS. In cases of bilateral CTS, where the participant reported no difference in pain or symptoms between the hands, we used the dominant extremity for analysis. Individual t tests and chi-square tests were used to assess for postrandomization group differences in parametric and nonparametric variables, respectively. Alpha levels were set at .05, and all analyses were performed using the SPSS statistical package, Version 14.0 (SPSS Inc, Chicago, IL).
Sample Size Determination-Sample size estimate was based upon a reduction in temporal summation of pain with NDT by using effect sizes from a prior study involving fentanyl. 77 To generate a conservative estimate of power, we used the smaller analgesic effect size of measures of temporal summation (η 2 = 0.20), a 2-tailed null hypothesis, and an alpha of .01 (to account for the multiple comparisons). A sample of 20 subjects per treatment group was determined to provide greater than 95% power to detect a group-by-time interaction in the proposed analysis of variance (ANOVA) model.
Believability of Sham
Technique-A chi-square analysis was used to compare assessment of group assignment (NDT versus sham). Random assignment was compared to perceived assignment. A mixed-model ANOVA was used to test for an interaction of group (NDT versus sham) by time (immediately following the informed consent form versus following brief exposure to the randomly assigned intervention) for measures of expectation.
Mechanisms of NDT-Mixed-model
ANOVAs were used to test for an interaction of group (NDT versus sham) by time (preintervention to postintervention) for measures of clinical, pressure, and thermal pain. Separate models were used to assess immediate within-session differences at baseline and at discharge. In the event of a statistically significant group-by-time interaction, numbers needed to treat were calculated to provide an estimate of the treatment effect.
Clinical Treatment Effects-Separate mixed-model ANOVAs were used to test for an interaction of group (NDT versus sham) by time (baseline to 3 weeks) for measures of pain and disability occurring over the 3-week period of the study.
Neurological Status-A mixed-model ANOVA was used to test for an interaction of group (NDT versus sham) by time (baseline to 3 weeks) for measures of grip strength. Chi-square was used to assess for group-dependent categorical changes in sensation to the SemmesWeinstein monofilaments over the 3-week period of the study. Sensation was categorized both at baseline and 3-week follow-up as normal (perception of 2.83 monofilament), minimal loss of sensation (perception of 3.61 or 4.31 monofilament), and severe loss of sensation (lack of perception or perception of 4.56 or 6.65 monofilament). Analysis was performed following further categorization, based on whether participants improved in sensation category, worsened in sensation category, or stayed the same over the 3-week period of the study. Mixed-model ANOVAs were used to test for a group-by-time interaction for NCS measures of distal latency of the median motor to the abductor pollicis brevis (in milliseconds) and the combined sensory index.
Results
Eighty-three individuals were screened for the study, and 40 females agreed to participate (FIGURE 2). Twenty-seven participants (68%) reported bilateral CTS. Of the participants reporting bilateral CTS, 22 reported one side as more symptomatic, and this side was used in the analysis. Five participants reporting bilateral complaints were unable to identify one side as worse than the other, and the data for the dominant arm were analyzed. Visual observation of the data indicated a nonnormal distribution of duration with a right skew. Consequently, a Mann-Whitney U test was performed and indicated a significant difference between the groups (U = 81.50, P = .02). Upon further analysis, duration was not included as a covariate in our models due to small, nonsignificant correlations between duration and our outcome variables (r between −0.27 and 0.22, P>.05). Postrandomization baseline measures did not otherwise differ between the groups (P>.05) (TABLE 1). Thirty-nine of the 40 (98%) enrolled participants completed both a baseline and 3-week session. The participant not returning for the 3-week follow-up was assigned to the NDT group providing 3-week analysis for 19/20 (95%) participants assigned to receive NDT and 20/20 (100%) participants assigned to receive the sham intervention. Range of attended sessions was between 2 and 6 in individuals completing the study, with a mean number of sessions attended of 4.6 (SD, 1.6) for the individuals assigned to receive NDT, 4.9 (SD, 1.2) for individuals assigned to receive the sham intervention, and 4.7 (SD, 1.4) for the total sample. Number of sessions attended did not differ by intervention group (P = .63).
Believability of Sham Technique
Perceived Group Assignment-The frequencies of perceived group assignment did not differ by actual group assignment (χ 2 [;1, n = 37] = 2.10 [;P = .15]) for 37 of 40 participants. These data were missing in 3 participants due to incomplete forms. Of the 37 participants for whom we were able to collect these data, 11/18 participants (61%) receiving the sham intervention and 7/19 participants (37%) receiving the NDT perceived having received the NDT.
Expectation for Intervention Effectiveness-An interaction of group (NDT versus
sham) by time (immediately post-consent versus following brief exposure to assigned intervention) was not observed for expected pain intensity following the study (P = .87), suggesting that the groups did not differ in their expectation of pain relief following brief exposure to the assigned intervention. Additionally, a main treatment effect for time was not observed (P = .13), suggesting that expectation for treatment did not differ at baseline and following brief exposure to the randomly assigned intervention.
Mechanisms of NDT
Immediate Within-Session Change in Clinical Pain Intensity-An interaction of group (NDT versus sham) by time (preintervention to immediately postintervention) was not observed for self-report of current pain intensity at either baseline (P = .96) or 3-week followup (P = .45). However, a main treatment effect for time was observed at both baseline (P = . 01, partial η 2 = 0.17) and 3-week follow-up (P = .02, partial η 2 = 0.15), suggesting an immediate within-session improvement in pain intensity that was not dependent upon group assignment. Mean change in current pain intensity during the initial session was 6.8 (SD, 15.1; Cohen's d = 0.45). Mean change in pain at the 3-week session was 4.5 (SD, 11.1, Cohen's d = 0.25) (FIGURE 3, TABLE 2).
Pressure Pain Sensitivity-An interaction of group (NDT versus sham) by time (preintervention to postintervention) was not present during the initial session for mechanical pain sensitivity (P = .49). However, a main treatment effect was present for time (P = .03, partial η 2 = 13), suggesting hypoalgesia regardless of group assignment. Mean reduction in self-report of mechanical pain sensitivity at the initial visit was 6.6 (SD, 17.4; Cohen's d = 0.25). Neither a group-by-time interaction (P = .67) nor a main treatment effect for time (P = . 10) was present for a within-session change in mechanical pain sensitivity at the 3-week session.
Thermal Pain Sensitivity-Neither an interaction for group (NDT versus sham) by time (preintervention to postintervention), nor a main treatment effect for time, was observed for heat threshold during the initial session nor the 3-week session (P>.05). Neither a group-bytime interaction (P = .79) nor a main treatment effect for time (P = .83) was observed for temporal summation during the initial session. A significant interaction for group by time (P = .01, partial η 2 = 0.16) was observed for temporal summation at the 3-week follow-up session. Paired t tests indicated a mean decrease of self-report of temporal summation pain of −8. 
Neurological Status
An interaction of group (NDT versus sham) by time (baseline to 3 weeks) was not present for grip strength (P = .56). However, a significant main treatment effect for time was present (P = .02, partial η 2 = 0.16), suggesting a change in grip strength over time independent of the assigned intervention. Mean baseline grip strength was 22.0 kg (SD, 9.6 kg), while 3-week mean grip strength was 24.9 kg (SD, 10.0 kg), corresponding to a Cohen's d of 0.29. Baseline to 3-week changes in sensation, as assessed by Semmes-Weinstein monofilaments, did not differ by group when assessed for the thumb (P = .85), index finger (P = .68), and middle finger (P = .76). A subgroup of 12 participants agreed to undergo baseline and 3-week NCS. The 12 participants did not differ significantly from those not undergoing an NCS in terms of age, duration of symptoms, baseline pain, or baseline expectation for treatment (P>.05). A groupby-time interaction was not observed for median motor onset latency measured at the abductor pollicis brevis (P = .09, partial η 2 = 0.26), or for the combined sensory index (P = .21, partial η 2 = 0.15), suggesting that the groups did not differ in changes related to the NCS over the 3-week period of the study. A main treatment effect for time was not observed for measures of distal latency from median motor to abductor pollicis brevis (P = .88, partial η 2 <0.01) or the combined sensory index (P = .33, partial η 2 = 0.10), suggesting no changes in nerve conduction over time.
Discussion
Believability of Sham Intervention
A valid sham intervention for comparison to NDT is necessary to better design and interpret efficacy studies of NDT and to better understand the mechanisms through which these techniques produce their clinical effects. The participants in our study had similar expectations and beliefs regardless of group assignment. These findings suggest the validity of our sham intervention in providing adequate blinding and creating similar expectations for pain outcomes as the NDT in participants presenting with CTS. Additionally, we observed similar outcomes from NDT and the sham intervention in terms of immediate and 3-week outcomes related to pain and disability. The design of our study does not control for the common use of splints by the groups or natural history. Consequently, we are unable to determine whether NDT and a sham intervention are both equally ineffective or to what extent they are equally more effective than the use of splints alone or natural history alone. Our findings of similar outcomes between interventions (NDT and sham) in providing similar expectations are consistent with the current placebo literature suggesting expectation as an important factor in the magnitude of placebo analgesia. 4, 6, 25, 60, 86 Consequently, the placebo effect could represent a primary mechanism in the outcomes associated with NDT in individuals with CTS. Future studies should control for factors such as cointerventions (eg, night splints) and natural history to determine the magnitude of the treatment effect of both NDT and the sham intervention in individual with CTS.
Mechanisms of NDT
Prior studies have observed immediate hypoalgesia to pressure pain threshold, 29, 30, 91, 99, 101 temporal summation, 7, 38 and clinical pain ratings, 18,91,101 suggesting a neurophysiological mechanism for manual therapy. Interestingly, in the current study the immediate hypoalgesia to pressure pain and clinical pain did not differ significantly in participants receiving NDT or the sham technique. Our findings differ from prior studies that observed hypoalgesia specific to manual therapy in comparison to manual contact, 18, 29, 30, 91, 101 oscillatory mobilization, 99 or no contact controls. 91, 101 A plausible explanation for this discrepancy is differences in participant expectations for the studied and sham interventions, for which prior studies did not account. For example, participant expectation for pain relief from the studied manual therapy technique might have been significantly greater than for the comparison group. We ascertained adequate blinding to the assigned intervention and similar group-specific expectations for pain relief between our studied intervention and sham control, while others have not. The influence of expectation on musculoskeletal pain has been observed in both manual therapy outcomes 7, 57 and on musculoskeletal pain in general, 51, 58, 62 and the sham interventions included in previous studies of manual therapy might have provided inadequate blinding or failed to establish adequate expectation. Our findings suggest that with similar expectations and blinding, NDT does not differ from a sham for outcomes related to hypoalgesia of pressure pain sensitivity and immediate, within-session changes in clinical pain intensity in individuals with signs and symptoms consistent with CTS In contrast, we did observe inhibition of temporal summation specific to NDT. The effect of NDT on temporal summation might have promising clinical implications that the length of our study was insufficient to observe. Temporal summation is mediated by the c-fibers, which have been implicated in the progression of acute pain to chronic pain and in the maintenance of chronic pain. 83 Consequently, interventions effective in inhibiting temporal summation have potential benefits in these processes, because they decrease excitability of dorsal horn cells. Our findings suggest that NDT specific to the median nerve may be more effective in inhibiting temporal summation in individuals with signs and symptoms consistent with CTS than a sham intervention. Prior studies have observed experimental pain to be predictive of future clinical pain response. 46, 82, 85, 90 For example, Rudin et al 82 observed that preoperative pain sensitivity to experimental pain was predictive of postoperative pain intensity. Similarly, the 3-week group-dependent differences in temporal summation that we observed might have been indicative of forthcoming group-dependent changes in clinical pain and disability. This reasoning is speculative, and longer follow-up than the 3 weeks in the current study may be necessary to determine if changes in clinical outcomes, such as pain and function, correspond to the group-specific changes in temporal summation that we observed.
Effects on Clinical Pain Intensity and Disability
The participants in our study demonstrated significant improvement in measures of clinical pain intensity and upper extremity disability, and these findings are consistent with prior studies of NDT in the treatment of CTS. 72, 81, 92 Similar to the findings for pressure-pain sensitivity and immediate within-session changes in clinical pain intensity, the 3-week improvements in clinical pain and disability observed in the current study occurred regardless of whether the participants received the NDT or the sham. These results suggest that the clinical outcomes related to NDT are independent of a mechanical force specific to the median nerve. Our findings are consistent with the manual therapy literature, suggesting that outcomes are related to receiving manual therapy rather than a specific manual therapy intervention. 16, 19, 59 For example, similar outcomes have been observed to different spinal manipulation techniques in individuals positive on a clinical prediction rule that suggested that they would respond favorably to spinal manipulation. 19 Specific to CTS, similar improvements in symptoms and function have been reported in participants randomly assigned to receive a carpal tunnel massage protocol or general massage treatment. 68 Additionally, similar improvements in pain related to CTS have been reported in participants randomly assigned to receive either NDT or joint mobilization to the carpal bones, 92 with both intervention groups outperforming a control group. Collectively, the findings of prior studies 68, 92 and our own preliminary findings suggest that the short-term effectiveness of NDT in the treatment of CTS may be unrelated to a specific mechanical stress across the median nerve. Additional sham-controlled NDT studies with control groups and longer follow-up times are needed to confirm these findings.
Safety Issues in the Use of NDT
Safety concerns have been expressed regarding the use of forceful NDT. 21, 22, 87 However, the current study observed no group differences in neurological status for NDT or a sham technique. These results suggest that, as applied in this particular study, NDT known to specifically provide stress across the median nerve is as safe as a sham technique intended to minimize the stress across the median nerve when neurological outcomes are monitored over 3 weeks.
Limitations
The current study has several limitations. While not intentional, our sample consisted only of women. CTS is more common in females, 11, 64, 93 so a higher frequency of women to men was expected. However, with no males represented, the results may not be generalizable to men. A second limitation is the lack of a true control group. We were able to compare the findings of the NDT to a sham technique yet were unable to compare either to natural history. Consequently, we can make no conclusions about the absolute benefit of NDT or a sham intended to mimic NDT in comparison to what would have occurred with no intervention. Additionally, both groups in our study received wrist splints. The changes in outcomes observed independent of group assignment could have resulted from the use of splints and not the NDT or sham intervention. The design of our study does not allow us to differentiate treatment effects resulting from the splints and those due to the studied interventions. A third limitation of our study was the 3-week follow-up period. The 3-week period might have been inadequate to detect clinical changes in response to treatment in a chronic sample of participants with CTS and did not allow us to monitor whether the observed changes were lasting. A further limitation of our study was that our sham technique was based on biomechanical principles to minimize the force and movement through the median nerve in comparison to NDT specific to the median nerve. 21, 22 We did not specifically measure the movement or forces associated with either technique and, consequently, we could not quantify the extent to which they differed. Additionally, the mobilization component of both techniques involved repetitive wrist and finger flexion and extension. While our sham technique was based upon lessening stress to the median nerve as a whole, we are unable to comment upon the specific local biomechanical effects occurring with the repetitive wrist and finger range of motion. A further limitation of our study was the relatively small sample size. Our study on temporal summation was powered for the primary purpose of exploring potential mechanisms of NDT; however, we have previously observed changes in temporal summation specific to other forms of manual therapy 38 and NDT. 5 Clinical outcome measures were included in this study to determine any clinical effects over the 3-week course of the study. Consequently, we might have been underpowered to observe group-dependent differences in other variables. The magnitude of the observed effects suggests that small effects sizes for any group-related differences and larger sample sizes will be needed for future clinical studies. A final limitation of our study was the inclusion of all individuals fitting the clinical picture of CTS. Recent studies of manual therapy have suggested better outcomes if more homogeneous participants are included. 15, 17, 32 As validated guidelines are currently lacking to identify those individuals with CTS most likely to benefit from NDT, our study may offer insight into these techniques as they are frequently applied clinically.
Conclusion
We presented a novel sham intervention for NDT in the treatment of CTS that was successful in blinding participants to their assigned intervention and produced similar expectation for treatment success as the studied NDT. Similar immediate, within-session changes were observed for the NDT and the sham intervention in measures of pressure pain sensitivity and clinical pain. Longitudinal changes in clinical pain and disability were similar between the groups over 3 weeks. Collectively, these findings suggest that NDT specific to the median nerve in individuals with CTS is no more effective than a sham technique that produces adequate blinding and similar expectations for treatment effect over a 3-week period. Furthermore, these findings suggest that the mechanisms of action behind NDT in the treatment of individuals with CTS are independent of the specific mechanical stress across the median nerve. Conversely, favorable changes in temporal summation were only observed in participants receiving the NDT. These changes in temporal summation are encouraging and may reflect group-dependent changes in clinical outcomes beyond 3 weeks; however, larger studies with longer follow-up times are required to confirm this.
Key Points
Findings
The sham intervention in the current study was not distinguishable from the studied NDT and produced similar expectations for pain relief as the NDT. Similar immediate withinsession reduction in clinical pain intensity and experimental pain sensitivity and 3-week improvements in clinical outcomes were observed in participants receiving both the NDT and the sham intervention, suggesting a nonspecific, neurophysiological mechanism of action. Hypoalgesia to temporal summation was observed only in participants receiving the NDT, suggesting a potential specific mechanism of action.
Implication
The sham intervention is valid in providing suitable blinding and may be a viable option in future sham-controlled studies of NDT. With the exception of altering temporal summation, the mechanisms of NDT in the treatment of individuals with signs and symptoms consistent with CTS appear to be neurophysiological in nature and occur independently of a mechanical force across the median nerve. The clinical implications of a direct effect of NDT on temporal summation are not currently established.
Caution
The current study did not include a no-treatment control group. Additionally, all participants received splints for the study, and the NDT and sham intervention each included passive range of motion to the wrist and fingers. Consequently, we were unable to determine the influence of natural history, splint wear, and passive wrist and finger range of motion on the observed non-group-dependent changes in clinical outcomes. Finally, the observed changes occurred over a 3-week period. Longer follow-up may be necessary for NDT to differentiate itself from a sham intervention in mechanisms and clinical outcomes. Illustration of the neurodynamic technique (NDT) and the sham intervention. The NDT (A) included positioning and range of motion known to cause significant stress across the median nerve. 20, 21 Specifically, the NDT included 25° of contralateral cervical sidebending, ipsilateral shoulder depression and abduction to 90°, shoulder external rotation to 90°, 45° of elbow extension, forearm supination, and repetitive wrist and finger flexion and extension through the available range of motion. The sham technique (B) was intended to minimize stress across the median nerve and consisted of the cervical spine maintained in neutral sidebending, no ipsilateral shoulder depression and abduction to 45°, shoulder external rotation to 45°, 45° of elbow extension, and forearm pronation, and repetitive wrist and finger flexion and extension applied passively by the examiner through the available range of motion. Summary of recruitment, enrollment, randomization, allocation, follow-up, and analysis for the study. The immediate within-session change in clinical pain intensity, pressure pain sensitivity, and temporal summation at both the initial visit and at 3 weeks. Pain was quantified using a mechanical visual analog scale (MVAS), anchored with "no pain" at all and "worst pain imaginable" for clinical pain intensity and pressure pain sensitivity, and a numeric rating scale (NRS) anchored with 0 ("no pain at all") and 100 ("worst pain imaginable") for temporal summation. Positive numbers indicate hypoalgesia, while negative numbers indicate hyperalgesia. *Significant (P<.05) main treatment effect over time (preintervention to postintervention). † Significant (P<.05) interaction of group (neurodynamic technique [NDT] versus sham) by time (preintervention to postintervention). Abbreviations: CP, clinical pain intensity; PP, pressure pain sensitivity; TS, temporal summation. Error bars indicate 1 standard error of the mean. * All data are reported as mean (SD) ratings unless otherwise noted. † Presented as median (interquartile range) due to nonnormal distribution. ‡ PCOQ possible response range from 0 (expect no pain following 3 weeks of participation in the study) to 100 (expect worst pain imaginable following 3 weeks of participation in the study). § MVAS possible response range from 0 ("no pain at all") to 100 ("worst pain imaginable"). Abbreviations: DASH, Disability of Arm, Shoulder, and Hand Questionnaire; MVAS, mechanical visual analog scale; NDT, neurodynamic technique; NRS, numeric rating scale.
*
Potential mechanisms for NDTs are indicated by immediate within-session changes in pain intensity and sensitivity when assessed at baseline and at 3 weeks. Effect sizes are provided in partial η 2
. † MVAS possible response range from 0 (no pain at all) to (100, worst pain imaginable). ‡ DASH questionnaire possible response range 11 to 55, with smaller numbers indicating less disability.
